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FOREWORD

The U.S. Army Research Institute Aviation Research and
Development Activity (ARIARDA) provides support enhancing the
effectiveness of Army aviator training. One important applica-
tion of this training research support is to aviation safety.
Every operational Army aircraft has an Aircrew Training Manual
(ATM) that specifies those tasks necessary for operating the
aircraft and how a pilot's performance should be evaluated on
each task. The ATM does not, however, provide guidance on the
difficulty of the tasks.

The present research effort examined ATM tasks common to two
utility helicopters, the UH-1 and the newer UH-60. It involved
secondary analysis of data that had been previously collected and
analyzed as part of three projects which, though unrelated to
each other, were pertinent to the ATM tasks for the utility heli-
copter mission. The objectives were to examine the relationship
between estimated ratings of performance difficulty and time to
perform specific ATM tasks for the UH-60 and other variables with
relevance to pilot performance and safety. The results indicate
that methods used for determining the difficulty of the ATM tasks
have validity.

This project was initiated in October 1989 by the Safety
Team of ARIARDA at Fort Rucker, Alabama, pursuant to Research
Task 1211: Reducing Army Accident Rates in Aviation and Ground
Operations. The original modified Delphi analyses, upon which
much of the current research is based, were initiated in 1985 as
a technical advisory service provided by ARIARDA to the Director-
ate of Training and Doctrine at Fort Rucker.

The findings of the current research effort suggest a valid
means for assessing subjective workload and identifying those ATM
tasks aviators are likely to have difficulty performing. The re-
sults suggest training interventions that could serve to modify
current training standards for these high risk tasks, thereby re-
ducing the probability of aviation accidents.

EDGAR M. J HNSON
Technical Director
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A META-ANALYTIC APPROACH FOR RELATING SUBJECTIVE WORKLOAD
ASSESSMENTS WITH U.S. ARMY AIRCREW TRAINING MANUAL (ATM) RATINGS
OF PILOT PERFORMANCE

EXECUTIVE SLTM-IARY

Requirement:

This project was conducted to investigate the validity of
subjective workload measures of Aircrew Training Manual (ATM)
tasks in relationship to ratings of pilot checkride performance
on these tasks.

Procedure:

The subjective workload measures for the UH-60 helicopter,
derived through an earlier modified Delphi research project,
(Lofaro, 1985) were correlated with instructor pilot (IP) ratings
of pilot performance from two other research projects that exam-
ined skill decay and reacquisition for ATM tasks. Delphi ratings
of ATM tasks associated with UH-60 accidents were also compared
to those ratings of tasks that were not associated with accidents
for this aircraft.

Findings:

The modified Delphi estimates were found to correlate highly
with IP ratings of pilot performance on each of the ATM research
projects. Modified Delphi estimates of task difficulty correla-
ted more highly with the criterion IP ratings than did estimates
of time to perform. Delphi ratings of difficulty were signifi-
cantly higher for accident-related ATM tasks than for tasks that
were not accident-related.

Utilization of Findings:

The findings demonstrate that the modified Delphi estimates
have validity as subjective estimates of pilot workload. The
potential exists for their use in determining training standards
that could diminish the probability of aviation accidents.
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A META-ANALYTIC APPROACH FOR RELATING SUBJECTIVE WORKLOAD
ASSESSMENTS WITH U.S. ARMY AIRCREW TRAINING MANUAL (ATM) RATINGS

OF PILOT PERFORMANCE

INTRODUCTION

Overview

Each U.S. Army operational helicopter has an Aircrew
Training Manual (ATM), which specifies conditions and standards
of pilot performance required to operate the aircraft. Each ATM
has a reference number and title. The UH-60A "Blackhawk" ATM, or
Training Circular 1-212, lists tasks such as Task 1028: "Perform
VMC (visual meteorological conditions) approach." It states the
conditions, (aircraft and prelanding checks), standards (airspeed
and altitude) and presents a brief description of how to perform
this task (See Appendix A). In order for a pilot to demonstrate
proficiency in an aircraft, he must show satisfactory performance
on ATM tasks necessary for piloting the aircraft and selected ATM
tasks pertinent to specific missions. The ATM does not provide
an exhaustive listing of all UH-60 tasks. Basic aviator tasks
are numbered in th- 1000 series and special tasks which may be
assigned by the unit commander, in the 2000s. Additional unit
tasks, which the commander may also assign, are listed as 3000-
series tasks, but are not included in the publication.

This report will examine prior research efforts and
methodologies which have dealt with U.S. Army ATM tasks. The
three research projects discussed in the present report each
approached the ATM tasks from differing perspectives and for
different purposes. The authors' purpose is to compare the
results of these efforts and ascertain how the results can be
compared and correlated to yield new insights and to suggest new
directions for future research. The title refers to a meta-
analytic approach, rather than meta-analysis (Glass, 1976). This
was done to denote that, while the present report is in part a
summary of other research efforts, and will amass data as part of
a comparison of research results, it will not deal with effect
sizes per se. Still, it will be more than a narrative review in
that the various data will be addressed and re-analyzed, for
purposes of exploring the relationship between subject matter
expert (SME) ratings of performance difficulty on ATM tasks and
other ratings of pilot performance.

Background and History

The Background section to follow will provide the reader
with an understanding of the relevant aspects of prior efforts
and for the rationale, assumptions, and hypotheses presented
later.

s modified Delphi approach. In 1985, Lofaro, of the
Army Research Institute for the Behavioral and Social Sciences
(ARI), devised a highly modified Delphi (Dalkey, 1969) and small-



group-based set of procedures for eliciting SME input and
evaluations. He modified the traditional Delphi processes to
utilize (a) formal instruction for the participants in group
processes, dynamics and methods of consensus, (b) a guided
exercise in group consensus followed by evaluation and critique
of the group techniques by both group members and a facilitator,
(c) a blending, in selected steps of modified Delphi, of
anonymous individual ratings with group discussions and consensus
(a step-wise procedure based on iterative ratings), (d) use of
selected objectives in which the data base for each step in an
objective evolved from the preceding steps, and (e) group
discussion and consensus as the only rating methods on other
selected steps and objectives.

Lofaro conducted three separate two-week workshops using his
modified Delphi methodology. Each workshop used 10 SMEs and
dealt with a specific U.S. Army helicopter. For the particular
helicopter, each ATM task was rated for difficulty to perform as
well as actual time to perform for the novice, average and
superior Army aviator. Additional work was done on how best to
train (in the simulator, aircraft, or some combination of both),
as well as the number of iterations needed every six months to
maintain proficiency. Finally, some 23 mission profiles were
decomposed into all ATM tasks required to complete each mission,
evaluated and rank-ordered for difficulty to perform, criticality
for mission success and for aircrew safety. A total of 82
performance-related ATM tasks, evaluated in this way, were deemed
usable for purposes of the present project in that they
corresponded to both the UH-I and UH-60 ATM tasks. The overlap
between these two sets of ATMs is not perfect. For example, one
task "takeoff to a hover", which is listed in the UH-I ATM as
Task 2001, does not appear as a separate task in the UH-60 ATM,
but is subsumed under Task 1018, "normal takeoff." However, the
correspondence between most base UH-l and UH-60 ATM tasks is high
enough to make comparison fairly simple.

A portion of the methodology used by Lofaro in assessing
perceived task difficulty was based on the psychophysical method
of magnitude estimation (S.S. Stevens, 1971). To establish a
ratio scale of difficulty, the ATM tasks were compared to a
standard (modulus) low-to-average difficulty task assigned a
value of 80. Following the Delphi approach, these comparative
estimates of performance difficulty were made independently and
anonymously at first, then iterated. This was followed by
Lofaro's modification of using group discussion, more iterated
ratings, and finally consensus.

The data to be used in the present report are concerned with
the difficulty to perform each ATM task, and the time to perform
it, for the average aviator. The other data may have some value
in future aircrew coordination and simulator-use projects.
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The ATM-based decay-reacauisition study of Wick, et al.
(1986). Wick, Millard, and Cross (1986) conducted an experiment
focusing on the time needed to reacquire ATM-based flying skills.
Their sample consisted of 47 experienced reserve aviators
(Median= 1260 hr) who had not flown for an average of 7.5 years
(range= 1-19). Wick, et al. (1986) looked at the time needed to
reacquire flying skills, using proficiency at ATM tasks as a
baseline reasure. Some 40 ATM tasks (30 psychomotor and 10
procedural) were used to evaluate VMC flight.

Table 1 presents the 30 psychomotor ATM tasks. In the
Lotaro project, 25 of these ATM tasks were evaluated via the
modified Delphi technique, which imparts a high degree of
correspondence across both projects.

3



Table 1

Aircrew Training Manual (ATM) Psychomotor Tasks Assessed by
Wick,et al. (1986)

ATM Task Description IP Rating

Antitorque malfunction 3.00
Standard autorotation 3.27
Emergency procedures 3.42
IFR recovery procedures 3.50
Low level autorotation 3.57
Hydraulic failure 3.79
Manual throttle operations 3.97
Engine failure (altitude) 4.18
Maximum performance takeoff 4.26
Hovec power check 4.31
Steep approach 4.31
Normal approach 4.33
Hovering autorotation 4.33
Shallow approach 4.37
Confined area operations 4.44
Normal takeoff 4.46
Pinnacle & ridgeline operations 4.48
Engine failure (hover) 4.53
Deceleration-acceleration 4.55
Go-around 4.58
High reconnaissance 4.58
Traffic pattern 4.63
Takeoff to hover 4.65
Hovering turn 4.70
Slope operations 4.79
Climb-descents 4.85
Turns 4.85
Hovering flight 4.90
Straight & level flight 4.90
Landing from hover 5.03

Note. Ratings are on a 7-point scale, with 7 being the highest.
A rating of 6 means that all ATM standards for a task have been
met. These ratings were given on the initial currency flight.

The ATM-based decay-reacquisition study of Ruffner & Bickley
(1985). The Ruffner and Bickley (1985) project provides another
criterion against which the Delphi ratings can be validated. In
this research 79 Army aviators, all UH-I qualified and current,
participated in an ATM skill decay and reacquisition experiment.
Ruffrnr and Fickley's sample consisted of Regular Army staff
officers, rather than reserve officers, who had a comparable
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number of rotary wing flight hours (Median= 915), and who were
not required to fly as part of their duties. These aviators were
divided into four groups. Each group flew a different number of
iterations of selected ATM flight tasks (see Table 2) in order to
ascertain if flight performance skills decayed through lack of
practice.

Table 2

ATM Psychomotor Tasks Assessed by Ruffner & Bickley (1985).

Checkride

ATM Task Description Initial Final

NOE deceleration 7.25 7.25
Engine failure (altitude) 7.50 7.83
Terrain flight takeoff 7.58 8.08
Terrain flight navigation 7.48 8.05
Antitorque malfunction 5.32 6.30
Standard autorotation 6.22 6.59
Terrain flight approach 7.71 8.26
Takeoff to hover 8.04 8.06
Landing from hover 8.03 8.08
Engine failure at hover 7.44 7.55
Confined area ops. 7.49 8.05
Hydraulic failure 7.18 6.89
Normal takeoff 7.90 8.01
Maximum performance takeoff 7.45 7.55
Steep approach 7.47 7.63
Go around 8.00 8.17
Climb-descent 7.88 8.15
Pinnacle-ridgeline operations 7.51 7.76
Straight & level flight 8.19 8.06
Turns 7.87 8.15
Hover power check 8.00 8.06
Traffic pattern flight 7.88 8.09
Hovering flight 8.54 8.23
Acceleration-deceleration 7.92 7.91

Note. These IP ratings employed a 12-point scale; a score of 8
means that all ATM standards were met.

One of these groups flew none of the ATM iterations during
the six month period; the others flew either two, four, or six
iterations of the selected ATM tasks. No significant difference
in the level of psychomotor skills and performance was found for
any of these groups, as measured by a pre- and post-experimental
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checkride. A closer examination of the data reveals that the
majority of ATM tasks used were heavily dependent upon
psychomotor skills (e.g.; approaches and hovers) and that
procedural (cognitive) ATM skills did indeed show some decay over
time for the experimental group with no practice iterations.
This latter finding, though informative, is beyond the scope of
the present report. It is reported here because of its
connection to skill and task analyses as well as to workload
analyses.

Purpose and Rationale

Difficulty and workload. In terms of potential
investigations, the most useful data to come out of the modified
Delphi project were the difficulty ratings for the ATM tasks.
While difficulty does not define all of the complex construct of
workload, it nevertheless appears quite pertinent to it. Hart
and Bortolussi (1984), for example, found high correlations
between pilots' ratings of the effort, stress, and workload.
Thus it would seem reasonable to assume that a key determinant of
workload is effort; that is to say, the difficulty of the task
itself, and how long it must be performed. Both of these factors
tie up information processing resources and create situations
where errors are likely to occur.

Gopher and Braune (1984) used Stevens' methodology to elicit
workload estimates from subjects who performed various
perceptual-motor tasks, using a one-dimensional tracking task
with a difficulty rating of 100 as the modulus. These workload
estimates correlated highly (r= .93) with a subjective rating
index of task difficulty for each task suggested for this
particular study by Wickens. However, correlations with actual
performance times on these tasks, though significant, were modest
(r= .30). The investigators interpreted their findings as
supportive of a single-resource model of workload; subjects were
able to evaluate all tasks with a single dimension. They were
also able to predict dual-task conditions from single-task units
with a simple additive model. This was true even though tasks
were quite diverse in modalities and mental operations required
to perform them. The investigators concluded that they found no
evidence that some tasks competed with each other for common
resources whereas others did not; the difficulty of the
individual tasks was all that seemed to matter. They cautioned,
however, that this finding of a single dimension underlying the
subjective assessment of workload is limited to the conscious
perception of task demands.

Consistent with the rationale for the present research
project, one would expect increased task demands to lead
to increases in the incidence of errors (see Casali & Wierwille,
1983). Some investigators have gone so far as to state that
subjective assessments of task difficulty have inherent validity,
in the sense that if one performing a task states that it is
difficult or that he or she is overloaded by it, then this must
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be true (Moray, et al., 1979). Likewise, a recent study by
Vidulich and Tsang (1985), in which two techniques for subjective
workload assessment were validated, showed that the more
difficult a task was rated to be, the worse the subjects'
performance. Consequently, it would be reasonable to suppose
that those tasks rated as most difficult should manifest poorer
performaance measures and more errors than those which are rated
as least difficult. Morris and Rouse (1985) point out that
whereas high subjective workload should increase the probability
of slips and errors occurring, thereby diminishing performance, a
case can also be made for extremely low subjective workload
having the same effect (underload). For purposes of the present
investigation, it is easier to specify those Delphi ratings of
ATM tasks which are overloaded than those which are underloaded.
Still, the suggestion of a curvilinear relationship is intriguing
and invites future inquiry.

These findings strongly suggest that subjective ratings of
difficulty, or task demand, by persons familiar with these tasks,
can be treated as workload measures. These in turn can be used
to predict performance on these same tasks, and to identify
potential "problem" tasks that may be excessively difficult for
one person to perform.

The initial goal of the researchers was to ascertain if any
cot-±ilations existed among different means of assessing ATM tasks
(e.g. difficulty and time to perform). Since three separate ARI-
sponsored projects addressed human performance aspects of ATM
tasks, the investigators saw an opportunity to determine if the
1985 modified Delphi ratings could be validated, and whether it
had potential as a workload estimation tool.

Further, deterioration of performance on psychomotor tasks
should provide a sensitive measure of task difficulty; the pilots
in the Ruffner and Bickley and the Wick, et al. projects should
perform worse on the more difficult tasks on the initial
(baseline) proficiency flight than on those which are less
demanding. Thus, the criterion against which the Delphi ratings
would be correlated was the performance ratings given by IPs on
this flight. These should correlate highly to the extent that
the original ratings reflect valid estimates of task demand.

Difficulty and accidents. The U.S. Army Safety Center has
recently developed a comprehensive, on line accident reporting
system called the Army Safety Management Information System
(ASMIS). Of particular interest to the current investigators
were the ATM tasks reported by ASMIS as being performed when a
given accident occurred. This presented the opportunity to
compare the Delphi ATM weights of UH-60 accidents attributed to
pilot error with those of ATM tasks which did not appear in the
ASMIS reports, for Fiscal Years (FYs) 1980-1988. If the more
difficult tasks are the more hazardous, then those ATM tasks
associated with accidents should have significantly higher
ditriculty ratings than those which are not.

7



Hypotheses

From the foregoing discussion it would be reasonable to
expect that the modified Delphi technique could be used to
construct a simple index of relative workload. Proficiency
checkride performance ratings could then be used to validate the
subjective weights assigned to the Delphi ratings.

Delphi ratings of task difficulty should correlate
significantly and negatively with IP ratings of performance on
both initial and final checkrides. Likewise, Delphi estimates of
time required to perform ATM tasks should correlate positively
with the ratings of difficulty for the same tasks. Although it
seems reasonable to suppose that estimated time to perform an ATM
task should correlate negatively and significantly with IP
ratings of performance, it would be difficult to specify in
advance the strength of this relationship. While much of the
previously-discussed research on subjective workload assessment
implies that rated difficulty of a task is highly correlated with
ratings of performance on the task, such a case cannot be made
with the same confidence for estimates of performance time. It
does not necessarily follow, then, that a time-consuming task
will inevitably be more difficult than a task with lesser time
demands. In fact, one could argue that, in some instances, a
task can be difficult because there is not enough time in which
to perform it.

Finally, those Delphi difficulty ratings of ATM tasks which
are reported by ASMIS should be significantly higher than those
which were not reported in conjunction with UH-60 accidents over
FYs 1980-1988.

PROCEDURES AND RESULTS

Overview

The first step was to construct an index of relative
workload from the Delphi data currently available, which could
then be used to identify "high-risk" ATM tasks. (High difficulty
and high performance time). Concurrent validation of these
ratings against measures of proficiency checkride performance
should give an indication of how closely the subjective task
ratings of one group of IPs correlate with performance ratings by
another group.

Recall that two recent ARI-sponsored projects (Wick, Millard
& Cross, 1986; Ruffner & Bickley, 1985) sought to evaluate Army
training standards and proficiency requirements for the UH-l
helicopter. The modified Delphi ratings of task difficulty were
made independently of the ratings of pilot performance, by
different raters.

8



For Wick, et al., a total of 25 ATM tasks were compared
which were generic in the sense that they comprised base tasks
for the utility helicopter mission, regardless of the type of
aircraft; the corresponding number of tasks for Ruffner & Bickley
was 24. The Wick, et al. ratings were made on a seven-point
scale ranging from one (lowest) to seven (highest). A rating of
six was considered passing on any given task; for Ruffner and
Bickley, a rating of eight on a 12-point scale was considered
passing (all ATM standards for the task were met).

It should be noted that the Lofaro Delphi estimates
concerned the UH-60, whereas the Wick,et al. project concerned
itself with the UH-l. Both are utility aircraft with overlapping
missions; thus the number of common basic ATM tasks is sufficient
to allow comparisons. The methodology employed for the present
analysis was quite simple and straightforward: Delphi ratings of
task difficulty and time to perform were correlated with
corresponding IP ratings of initial checkride performance on the
two previously-mentioned ARI-sponsored projects, and with final
checkride performance as well on the Ruffner and Bickley project.

Findings

Correlation with Wick, et al. In both this project and
Ruffner and Bickley, the primary sampling unit was ATM tasks and
not subjects. A total of 25 tasks were found which were common
to the tasks rated as part of the Delphi project. Because the
standard deviation of the Delphi ratings of these tasks (sd=
103.8) approximated the mean (Ml= 129.95) a common log
transformation was performed on the data. This is not atypical
of psychophysical data where there is no upper or lower anchor on
estimates; consequently, all subsequent analyses of the Delphi
data will employ a log transformation. The resultant M and sd
were, respectively, 1.99; .33. For IP ratings of pilot
performance, these were: (M= 4.34; sd=.55).

The resultant correlation between the two sets of ratings
was highly significant (1= -.77, df= 23, R<.001), indicating that
estimates of ATM task difficulty did predict IP ratings of
performance of nonproficient pilots on the same tasks. Roughly
half of these aviators (n= 24), returned for proficiency training
the second year. The r between Delphi ratings and second year
initial checkride IP ratings for this subgroup of pilots was also
significant (r= -.73, df= 18, p<.005). The degrees of freedom
are fewer in this case because fewer ATM tasks are reported for
the second year subsample.

SME estimates of time to perform were also considered a
candidate index of task demand on the Delphi study. For this
variable, M= 4.90 minutes; sd= 2.83. Because of the large amount
of variation in this data, a not uncommon occurrence for time
estimates, a log transformation was performed, resulting in an M
of .61 and sd of .28. Estimated time to perform a given ATM task

9



correlated moderately and significantly with estimated difficulty
(1- .62, df= 23, R<.005), and with IP ratings of performance (r=
-.49, df= 23, R<.025).

It may be informative to note that for the small subsample
of aviators who returned the second year, the correlation between
the Delphi estimates of time required to perform an ATM task and
IP ratings of performance was highly significant for the second
year initial checkride (Q= -.59, df=l8, p<.005), but not the
first (r= -.26). Recall that the latter correlation was
significant when the whole sample was included.

Because time to perform and difficulty were correlated with
one another and also with the criterion performance rating,
partial correlations were computed for these variables.
Partialling out the effects of time to perform, the correlation
for difficulty on performance ratings was still highly
significant (r= -.68; p<.001). The r for time to perform on IP
ratings of performance, holding difficulty constant, was not
significant (r= -.02). SME estimates of task difficulty alone,
irrespective of estimated time to perform, were a strong
correlate of initial proficiency flight ratings of pilot
performance.

Correlation with Ruffner and Bickley. The Delphi ratings of
task difficulty for the 24 ATM tasks correlated significantly
with IP performance ratings on the initial checkride (1= -.79,
df= 22, p<.001), and with final checkride performance ratings (r=
-.62, df= 22, p<.005). The correlation between initial and final
checkride IP ratings was .90 (R <.001).

Performance ratings for this research effort were made on a
12-point scale. Respective means and standard deviations were:
7.58, .64 (initial checkride); 7.78, .52 (final checkride). The
time to perform estimates from Delphi yielded a mean of 5.99
minutes and standard deviation of 8.14. Because of this
variation, a log transformation was performed, yielding a mean of
.62 and a standard deviation of .33. For these data, the (log)
Delphi ratings of time to perform the ATM tasks did not correlate
significantly with IP ratings for initial (r=-.31, df =22, R<.10)
or final (r=-.18) checkrides.

Partialling out the effects of performance time, the first-
order correlation between difficulty and IP ratings for the
initial checkride was virtually unchanged (r= -.80; R<.001). The
partial correlation for time to perform on the same criterion,
controlling statistically for difficulty, changed to positive but
was not significant (r=.37; R<.10).

Partial correlations were also computed, using final
checkride scores as the criterion. The correlation between
difficulty and IP performance ratings, holding constant time to
perfcrm, was significant (r= -.66; R<.001). The r of .32 between
time to perform and the same criterion, was not significant.
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Table 3 presents the transformed modified Delphi ratings for
20 ATM tasks which are common across all three projects.

Table 3

Log Modified Delphi Ratings of Difficulty and Time to Perform for
ATM Tasks Common to Wick, et al. (1986) and Ruffner & Bickley
(1985).

ATM Task Description Log Delphi
Difficulty Time (min)

Antitorque malfunction 2.66 .792
Climbs-Descents 1.65 .550
Confined area operations 2.30 .922
Deceleration-acceleration 2.00 .446
Engine failure (altitude) 2.04 .605
Engine failure (hover) 2.05 .513
Go-around 1.70 .290
Hover power check 1.60 .314
Hovering flight 1.60 .600
Hydraulic failure 2.16 .762
Landing from a hover 1.64 .270
Maximum performance takeoff 2.16 .516
Normal takeoff 1.95 .427
Pinnacle-ridgeline 2.31 .906
Steep approach 2.15 .706
Straight & level flight 1.53 .900
Standard autorotation 2.38 .948
Takeoff to a hover 1.60 .068
Traffic pattern flight 2.02 .957
Turns 1.70 .289

Delphi ratinQs of difficulty and accidents. In order to
explore the application of the modified Delphi ratings of task
difficulty to ATM tasks reported by ASMIS, 141 UH-60 accidents
involving human error were examined. From the total number of
accident report summaries, 99 usable cases, subsumed under 28 ATM
tasks, were retrieved. These were cases where responsibility for
the accident was attributed to the pilot, copilot, instructor
pilot, or student pilot. The current research effort sought
simply to match each ATM task description in the ASMIS to the
modified Delphi rating for the same task.

An examination of Table 4 indicates that the most frequent
task cttegories associated with accidents were those involving
various phases of terrain flight (D= 21), followed by phases of
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landing (from a hover and roll-on; n= 18), and confined area
operations (n= 10). It should be noted that although less
demanding than most other accident-related ATM tasks, ground taxi
accounts for a total of nine accidents.

The right-hand column of Table 4 lists 20 accidents that
were Class A (loss of aircraft, fatality, or at least $ .5
million). Note that for hard turns (evasive maneuvers) all
accidents fell into Class A; for hovering flight, a task SMEs did
not perceive as inordinately difficult, 66% of all accidents were
class A.

A total of 25 mishaps involved night vision goggle (NVG)
flight. A question quite pertinent to the present investigation
is whether Class A and B accidents occur disproportionately under
NVG conditions. A comparison of the relative frequencies showed
that 28% (7) of the NVG accidents were class A or B vs. 26% (19)
for non-NVG conditions. Thus, for the UH-60, it seems that the
use or nonuse of NVGs has little to do with the severity of the
accident.
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Table 4

Aircrew Training Manual (ATM) tasks associated with UH-60
accidents.

ATM Task Title
Delphi Freq. Class A

Antitorque malfunction 400 1
Circling approach 138 2
Circling approach, terrain flight 164 1
Confined area operations 200 9 1
Deceleration-acceleration 100 1
Doppler navigation 154 2
External load operations 240 7 1
Ground taxi 80 9 2
Evasive maneuvers (hard turns) 206 3 3
Hovering flight 40 6 4
Hydraulic malfunction 228 1
Landing from a hover 93 13
Landinq from a hover, degraded AFCS 240 1
Maximum performance takeoff 144 1
Negotiate wire obstacles 180 2
Normal takeoff 92 2
Preflight inspection 118 1
Roll on landing 160 4
Single engine landing 172 1 1
Slope operations 150 1 1
Stabilator malfunction 90 1
Terrain flight 130 14 5
Terrain flight approach 143 3
Terrain flight takeoff 100 1
Traffic pattern flight 102 3 1
Turns 50 1
VMC approach 125 5
Vertical IFR recovery procedures 212 3 1

One fundamental assumption of the present research effort
was that high task demands, as expressed by the Delphi ratings,
should be systematically related to the occurrence of accidents.
The workload imposed by high task demands should make the
occurrence of errors and consequently, accidents, more likely.
The Delphi ratings of all 137 ATM tasks for the UH-60 showed an M
of 137.16 and an sd of 101.00. Mean and standard deviation for
the Delphi ratings of the subset of accident-related tasks (D=28)
were, respectively, 151.89; 72.69. For those remaining tasks
thtU- -rc not reported in conjunction with any accidents,
M= 119.67; sd= 84.23.
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The reader should note that the standard deviation of this
data set is high in relation to the mean. A log transformation
was considered justified for this reason. The resultant means
and standard deviations of the transformed data indicated that
the transformation was successful. For all 137 tasks, M= 1.99;
sd=.32; for the accident-related subset of 28 tasks, M= 2.13,
sd=.21; for the non-accident-related tasks, M= 1.95, sd=.33.

The Delphi ratings for accident and non-accident ATM tasks
were contrasted via a t-test. The resulting t ratio (t= 2.92,
df= 135, p< .01; two-tailed test) was significant. In order to
determine the degree of association between Delphi ratings and
the accident vs. non-accident classification of the ATM tasks, a
point-biserial correlation was computed. The resulting r, of
.24 was significant (p< .05).

One might argue that it is a fairer comparison to weight the
tasks in Table 4 by their frequency of occurrence. This was
doned, yielding a respective (log) mean and standard deviation of
2.10; .20, which is almost identical to the result obtained
without weighting.

DISCUSSION

In general, it appears that the secondary analyses of the
data of both these research projects supported the hypothesis
that the modified Delphi ratings of task difficulty would
correlate negatively with IP ratings of pilot performance. This
is consistent with the rationale underlying most notions of
subjective indices of workload.

The Delphi performance time estimates for the same ATM tasks
did not show such clear-cut results. In the case of the first
project (Wick, et al.), they correlated significantly and
negatively with ratings of performance for the entiLe sample as
well as for the initial checkride of a 51% subsample that
returned a year later; for Ruffner and Bickley, neither
correlation with the first nor the second checkride was
significant.

The partial correlation coefficients for difficulty and
performance time estimates, computed for both research projects,
indicate that the relationship between performance time and IP
ratings may be more complex than originally supposed. For Wick,
et al. it appears that the significant correlation between time
and IP ratings was due primarily to the moderately high
correlation between time to perform and difficulty. When
difficulty is held constant, the correlation between time to
perform and IP ratings becomes virtually zero. For Ruffner and
Bickley, the zero-order correlations between time to perform and
IP ratings were negative and nonsignificant. When the effects of
difficulty were controlled statistically, however, these
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correlations for both initial and final checkride became positive
and approached significance.

This anomalous and intriguing finding is difficult to
explain on a post hoc basis. One tentative explanation might be
that some degree of skill decay is required before the time
needed to perform a task covaries with difficulty. Recall that
the Wick, et al. project consisted of reserve aviators who were
much less proficient than those in the Ruffner and Bickley
research effort. Thus, when skills are current, and most
psychomotor tasks overlearned, the more difficult task may not
take significantly longer to perform than one which is less
difficult. The highly proficient aviator may even perform better
on those tasks which require more time, simply because this
allows for more practice.

Correlations with IP RatinQs

These intercorrelations confirm that the modified Delphi
estimates have some validity in that they show that the more
difficult a task is, the worse a pilot's performance on that
task. This relationship was found to hold true whether or not
the pilot was proficient. In general, more difficult tasks take
longer to perform than less difficult tasks. The greater the
difficulty of a task, the more performance can be expected to
deteriorate with long periods of nonpractice. The latter
findings seem hardly surprising if not obvious. What was
somewhat surprising, however, was the magnitude of the
correlation between the subjective Delphi estimates and IP
ratings of pilot performance on the initial proficiency flight.
It is true that the subject aircraft for both sets of ratings
were different (UH-l vs. UH-60); however, both are utility
aircraft with essentially identical missions. The methods of
ratings were also quite different (magnitude estimation vs. 7 and
12-point scales).

In short, it appears that the present results suggest that
the methodology used in the Lofaro modified Delphi research
yields valid weights by which the demands of ATM tasks can be
assessed.

Accident Prevention Usage

The derivation of these weights for aircraft like the UH-60
could provide an index of subjective workload and time demands,
which could provide guidance for predicting "high-risk" phases of
a mission where the pilot is likely to be overloaded, and where
slips and mistakes are likely to occur. This could in turn
provide a starting point for planning the management of workload
through crew coordination, focusing initially on high-workload
tasks which require more time-sharing than those which are less
demanding.
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The corollary finding that the more difficult ATM tasks are
more likely to be reported by ASMIS as accident-related, than are
those rated as less difficult, suggests a potentially useful
means of singling out those problem tasks that are apt to be
associated with mishaps. This in turn would suggest training
countermeasures and training time priorities (such as increased
practice tire for problem tasks) which could result in greater
proficiency and hence, lessen the probability of poor performance
on these safety-critical tasks.

Limitations

It is necessary to be aware of the pitfalls of this kind of
post hoc, exploratory analysis. The chief difficulty is the fact
that the data from the two ARI-sponsored projects on pilot
proficiency are aggregate; the unit of analysis is mean IP
ratings for whole groups of aviators rather than the ratings of
individuals. In social science disciplines where post hoc,
archival research is common, the use of data consisting of means
or ranks is considered a potential source of bias which may
possibly inflate the size of correlations so that they appear to
be more significant than they really are, or appear significant
when they, in fact, are not. Under the present circumstances,
there was no way in which this problem could have been
circumvented. It should suffice to state that the present
results should be interpreted cautiously with this in mind.

Acknowledging these prior caveats, it would still seem that
on the basis of their magnitude, the correlations obtained are a
robust measure of the validity of the modified Delphi ratings.
The replication of these correlations across two independent sets
of checkride performance ratings bolsters this argument. Bearing
in mind that these findings are the result of a secondary
analysis of unrelated research projects, it would seem that the
next step would be a direct predictive validation of the modified
Delphi data against objective performance measures in the
simulator. This in turn would allow investigators to determine
if these subjective ratings of task difficulty actually do
predict pilot performance.
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TC 1-212 APPENDIX A

TASK 1028: Perform VMC Approach.

CONDITIONS: In a UH-60 helicopter or a UH60FS with before
landing check completed.

STANDARDS:

1. Select a suitable landing area.

2. Establish the proper altitude to clear obstacles on final
approach, and maintain altitude + or - 100 feet.

3. Establish entry airspeed + or - 10 KIAS.

4. Maintain a constant approach angle to clear obstacles.

5. Maintain ground track alignment with the landing direction
with minimum drift.

6. Maintain apparent rate of closure, not to exceed the speed
of a brisk walk.

7. Execute a smooth and controlled termination to a hover or to
the ground.

DESCRIPTION:

1. To a hover. Determine an approach angle which allows safe
obstacle clearance while descending to the intended point of
landing. Once the approach angle is intercepted (on base or
final) adjust the collective as necessary to establish and
maintain the angle. Maintain entry airspeed until apparent
ground speed and rate of closure appear to be increasing.
Progressively decrease the rate of descent and rate of closure
until appropriate hover is established over the intended
termination point. Maintain ground track alignment with the
landing direction by maintaining the aircraft in trim above 50 ft
AGL and aligning the aircraft with the landing direction below 50
ft AGL.

2. To the ground. Proceed as for an approach to a hover,
except continue the descent to the ground. Make touchdown with
minimum ground movement. After the landing gear contacts the
ground, ensure the aircraft remains stable with all movement
stopped. Smoothly reduce the collective to full-down position,
and neutralize the pedals and cyclic.

NOTE 1: The decision to go-around should be made before
descending below obstacles or decelerating below ETL.

NOTE 2: For training, recommended airspeed is 80 KIAS.
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APPENDIX A (Continued)

NOTE 3: Refer to FM 1-202 for procedures to reduce the hazards
associated with the loss of visual references during the landing
because of blowing snow or dust.

NIGHT OR NVG CONSIDERATIONS:

1. Night.

a. Altitude, apparent ground speed, and rate of closure are
difficult to estimate at night. The rate of descent during the
final 100 ft should be slightly slower than during the day to
avoid abrupt attitude changes at low altitudes. After
establishing the descent, reduce airspeed to approximately 50 KT
until apparent ground speed and rate of closure appear to be
increasing. Progressively decrease the rate of descent and
forward speed until termination.

b. Be aware that surrounding terrain or vegetation may
decrease contrast and cause a degradation of depth perception
during the approach to the landing area. Before descending below
obstacles, determine the need for artificial lighting.

2. NVG. See TASK 2096.
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